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ABSTRACT 
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4. 

The  three  types  of  artificial  soils  produced  and  tested  in  the  Land 
Locomotion  Research  Laboratory  hare  shown  the  necessary  stability  of 
mechanical  properties  and  great  ease  in  handling  over  the  wide  range  of 
Values  reproduced  below: 


Soil  Ho. 

c 

4 

H 

n 

0-32-35 

2.05 

0° 

22.0 

17.0 

0.16 

C-32-1iO 

1.1a 

0° 

18.0 

12.1 

0*20 

C-3?-iil 

0.6« 

0° 

3.6 

2.9 

0.25 

C-32-li3 

0.25 

0° 

0.2 

0.9 

0.1*0 

C-32-50 

0.17 

0° 

0.1 

0*3 

0.67 

CS-33-22 

1.06 

38° 

17.0 

9.5 

0.15 

CS-33-23 

0.95 

38° 

11.6 

8.3 

0.17 

CS-33-2b 

0.76 

38° 

8.9 

6.2 

0.18 

CS-33-25 

0.38 

38° 

li.o 

1.8 

0.20 

CS-33-26 

O.lli 

38° 

3*!i 

o.a 

0.21 

S-3li-7.5 

0.17 

22.5 

9.1 

20, h 

0.1*2 

S-3L-10 

0.30 

lh.5 

10.8 

18.1 

O.I16 

S- 31-12.5 

0.35 

9.5 

17.0 

11.6 

0.52 

S-3l)-15 

o.UU 

8.0 

26.5 

6.78 

0.71 

The  abose  data  indicate  a  feasibility  of  producing  artificial  soils 
of  any  desired  properties  by  using  bentonite,  sand  and  glycol,  which 
eliminates  the  necessity  of  using  unstable  and  uncontrollable  natural 
soils,  and  simplifies  laboratory  work. 
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OBJECTIVE 


The  objective  of  this  investigation  is  to  establish  an  artificial 
soil  isass  which  would  eliminate  the  absolute  necessity  of  using  natural 
soiln  for  test  purposes  in  the  laboratory,  because  of  the  difficulty  in 
their  handling  and  controlling*  The  aim  is  to  cover  the  entire  range 
of  natural  soils,  from  frictional  tc  cohesive,  with  this  stable  end 
easily  producible  artificial  mixture. 


INTRODUCTION 


One  of  the  greatest  and  most  urgent  needs  in  soil  trafflcablllty 
investigations  by  laboratory  methods  is  to  overcome  the  difficulty of 
working  with  natural  soils*  Such  soils  quickly  lose  their  moisture  con¬ 
tent,  causing  changes  in  the  mechanical  properties  exhibited*  Some  work 
has  been  done  in  the  past  in  <R^attembt  to  reproduce  in  the  laboratory 
the  physical  conditions  encountered  in  the  field*  The  Bucyrus-Erle  Co. 
(South  Milwaukee,  Wis*>  has  used  a  mixture  of  foundry  sand  and  motor  oil 
with  some  success  in  investigating  the  behavior  of  salf-loadlr^  scraper- 
type  earthmovlng  machinery*  In  most  Instances,  however,  these  attempts 
have  met  with  very  little  success,  due  to  the  varied  physical  and 
chemical  mixtures  possible  in  the  natural  state* 

It,  therefore,  appears  necessaiy  to  approach  the  problee  from  an¬ 
other  angle*  Rather  than  attempt  to  physically  duplicate  natural  soils, 
work  must  be  directed  toward  simulating  certain  mechanical  properties 
of  various  soils  in  their  natural  site,  by  formulating  such  properties 
into  an  artificial  soil  mass*  These  efforts  should  result  in  artificially 
produced  materials  whose  consistency  can  be  controlled  and  perhaps  varied 
by  accurate  formulation  from  a  near-fluid  to  a  near-solid  state  to  cover 
the  major  portion  of  terrain  found  in  off-road  operations  of  land  vehicles* 

To  achieve  such  desired  results,  it  appears  necessary  to  study  and 
experiment  with  a  wide  variety  of  inert  solids  mid  so-called  "binders*  in 
mixture  or  compound  form  which  exhibit  the  required  soil  properties  and 
vet  remain  unaffected  by  time,  usage  and  normal  atmospheric  conditions* 

In  such  a  manner.  It  is  hoped  that  complete  Independence  of  the  use  of 
natural  soils  for  laboratory  t»st  purposes  will  be  attained* 

It  should  be  pcteol  that  in  all  these  prooosals  a  secondary,  but  im¬ 
portant  advantage  otor  than  control  of  properties,  would  be  gained,  i.e., 
stability  of  properties*  Host  natural  soils  have  different  cohesion  and 
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friction  at  different  moisture  contest-  and  compaction,  so  that  accurate 
control  of  these  two  parameters  it'  nm@&9*iy,  ir,  order  tc  obtain  repro¬ 
ducible  test  conditions,  and  hence  reproducible  t-ssts.  Control  of  the 
mechanical  properties  is  obviously  necessary  for  successful  experimentation 
and  is  one  of  the  most  difficult  problems  in  scale-model  vehicle  testing 
in  soils. 


The  ideal  soil  mass  wsuld  thus  have  the  following  characteristics^ 

a.  Stability  of  the  solid  state  regardless  of  time,  oxidation  or 
other 'chemical  interaction. 

b.  Controllability  of  the  soil  values  and  parameters  exhibited. 

c.  Reproducibility  of  the  m  is  in  any  quantity  using  standard  or 
easily  obtainable  materials. 

In  this  report,  the  available  data  on  mechanical  characteristics  of 
natural  soils  were  used  in  simulating  artificial  soils.  "Artsoll”  may  be 
an  appropriate  name  for  the  proposed  artificial  soil  mass.  The  following 
is  the  description  of  the  progress  made. 


DISCUSSIOM  OF  THE  PROBLEM 


The  term  "clay"  is  applied  to  certain  earthy  materials  which  have 
been  formed  by  the  weathering  of  rocks  containing  aluminum  silicates, 
particularly  by  the  weathering  of  the  mineral  feldspar.  The  outstanding 
property  of  these  materials  is  their  plasticity  vhen  wet  and  thair 
rigidity  when  dry.  Clay  is  the  decomposition  product  of  feldspar  or  of 
rocks  containing  feldspar  minerals.  It  is  of  variable  composition,  de¬ 
pending  on  the  parent  rock  and  on  its  history  after  decomposition,  but 
in  general  it  contains  as  its  chief  Ingredient  hydrated  aluminum  silicate, 
together  with  some  sand  and  other  materials.  K  typical  decomposition 
reaction  is  as  follows t  Reference  (1) . . . 


KxOA!x  03*  i>  S(0X  +  C0t  t  Ht0  *  AItO ,*  2  S(0X*  2  //xO  ♦  4  &  ♦  KxC03 


Orthoclase  Xaolinite  Sand 

Fb  Id  spar 

In  the  reaction,  it  is  assumed  that  decomposition  has  occurred  through 
atmospheric  weathering,  with  CO2  being  present  in  the  surface  water.  The 
major  portion  of  clay,  consists  of  kaolinite  and  quarts.  Kaolinlte,  AI2O3. 
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?St02*  2HpO  imparts  plasticity  to  the  clay.  Quarts  is  not  plastic  anti* 
therefor®,  reduces  the  plasticity  of  the  clay;  an  excess  of  silica  destroys 
the  cohesive  ness  of  clay. 

Plasticity  is  the  outstanding  physical  characteristic  of  clay.  This 
is  the  property  a  substance  has  of  deforming  continuously  under  a  finite 
fores.  Like  liquids,  plastic  solids  do  not  reach  a  definite  deformation 
under  load  and  then  become  rigid;  they 'continue  to  deform  indefinitely. 
Unlike  liquids,  however,  plastic  solids  will  not  begin  to  flow  Until  a 
definite  force  is  applied;  up  to  that  point  they  are  rigid. 

It  is  not  easy  to  explain  why  clay  possesses  this  property.  The 
chemical  composition  of  kaollnite  apparently  is  not  of  paramount  importance 
in  this  connection.  It  is  believed  that  the  fineness  of  the  particles  Is 
of  significance.  Clay  particles  are  extremely  small,  of  the  order  of 
magnitude  of  1  micron  (0.0001  mm).  It  is  believed  that  th«$»  fine  particles 
which  have  an  extremely  large  surface  in  the  aggregate,  absorb  a  thin  layer 
of  water,  and  that  it  is  this  "internal  lubrication"  which  causes  the 
plasticity  of  clays.  (2)  In  any  event,  it  is  known  that  as  the  water 
content  of  clay  is  increased,  its  plasticity  increases  up  to  a  maximum. 

This  may  occur  anywhere  from  10  to  5 0 %9  depending  on  the  nature  of  the  clay. 
Further  increase  in  the  water  content  causes  the  clay  to  become  sticky,  and 
then  to  become  a  fluid  suspension  or  "slip".  (3)  Drying  the  clay  down  to  a 
dry  powder  lacking  plasticity  is  also  possible.  If  the  drying  is  con¬ 
ducted  at  a  low  temperature ,  wetting  will  cause  the  clay  to  regain  its 
plmstlclty.  On  the  other  hand,  firing  causes  a  permanent  loss  in 
plasticity. 

The  mechanism  of  plasticization  of  clays  is  in  dispute,  but  it  seems 
probable  that  the  major  factor  is  mechanical  interference  of  platy  parti¬ 
cles  dispersed  in  the  water,  (b)  It  has  been  demonstrated  that  plastic 
flow  can  be  induced  in  liquid  suspensions  of  asymetrlc  particles,  whether 
needle-shaped  or  platy,  or  even  mechanical  agglomerations  of  spherical 
particles.  (5)  Asymetric  particles  can  develop  mechanical  structure  in 
the  mass  at  extraordinarily  low  volumetric  concentrations,  particularly 
if  the  ratio  of  the  linear  dimensions  be  higi.  It  seems  certain  that  the 
ratio  of  inter-particle  attraction  to  the  distorting  forces  likely  to  act 
on  a  single  particle  increases  as  size  decreases.  This  is  equivalent  to 
saying  that  forces  holding  the  ultimate  particle  in  place  decreases  less 
rapidly  with  size  than  do  those  inducing  movement.  Figure  1.  (6) 

Dispersion  of  the  clays  is  essential  to  plasticity.  It  is  connected 
with  affinity  of  the  litjild  for  the  clay  surface;  thus  clay  resists  dis¬ 
persion  in  all  organic  liquids  of  low  polarity.  Dispersion  is  one  of  the 
major  results  of  aging  and  weathering.  It  is  believed  that  when  ade¬ 
quately  dispersed,  the  surface  of  each  ultimate  particle  is  highly  hy¬ 
drated,  even  where  agglomeration  is  considerable.  There  is  also  some 
parallelism  between  the  base-exchange  capacity  of  clays  and  plasticity. 
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(In  Table  I,  the  clays  are  arranged  in  order  of  increasing  plasticity.) 

Table  I 


Base  Exchange  Capacity  in  Mtlli- 


Type  of  Clay 

EquivalentsAOO  Gms. 

Kaolin 

5 

Ball  Clay 

13 

Fire  Clay 

17.5 

Fuller's  Earth 

27 

Bentonite 

90 

Because  air  dispersed  through  the  clay-water  mixture  can  greatly 
decrease  plasticity,  de-aeration  is  being  adopted  in  making  bricks,  re¬ 
fractories  and  pottery. 

The  main  differences  in  the  physical  characteristics  of  the  two 
primary  types  of  soils  may  be  summarised  as  follows:  (7) 

Sand 

Void  ratio  low 

Negligible  cohesion  when  clean 

Internal  friction  high 

Not  plastic 

Only  slightly  compressible 

Compression  takes  place 
immediately  on  application  of  load 
Persmable  to  water 

Clay 

Void  ratio  hi^i 

Marked  cohesion,  depending  on 
water  content 

Internal  friction  low 

Plastic 

Very  compressible 

Compression  takes  place  slowly 
over  a  long  period  of  time 
Practically  Impermeable 

METHOD  AND  THE  ATTACK  UPON  THE  PBOBLEM 


To  simulate  in  some  way  some  of  the  above  discussed  characteristics 
of  soils,  the  following  ideas  were  advanced  for  experimentation : 

1.  Graded  glass  beads  (available  in  graded  sixes  from  0.005  In.  to 
O.I4O  in.  in  diameter)  mixed  with  varying  quantities  of  silicone 
fluids  of  varying  viscosities. 


li 
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?•  Modeling  clay  with  various  admixtures  of  oils  to  vary  its  strength* 

3.  Colloidal  iron  in  a  liquid  binder  and  subject  to  a  variable  field 
wherein  the  mechanical  properties  could  be  controlled  by  the 
strength  of  the  elctro-magnetlc  field* 

ti*  Shots  of  various  sites  and  materials  with  a  binder  to  achieve 
varying  densities* 

*>.  Binder  constituents  (Vehicle):  a.  Liquid  or  pasty  materials  as 
mineral  oil,  fat  and  wax  combinations;  asphaltua;  b*  synthetics 
as  glycols,  "Plastics",  etc* 

6*  Solid  constituents  (Body) 

a*  Chemically  inert  powders  having  high  slippage  properties  as: 
Talc  (steatite);  Mg*  A1  silicates;  titanium  and  sine  oxides; 
kaolin  and  magnesium  carbonate* 

b*  Chemically  inert  powders  having  high  frictional  properties  as: 
Pumice,  quarts  (sand);  slate  flour  (hydrated  aluminum 
silicates);  emery,  tripoll,  corundum;  mica;  crushed  garnet; 
boron  and  silicon  carbides;  aluminum,  chromium,  and  tin  oxides 

7*  Materials  to  add  clastic  character  to  artsoll*  Plasticity  of  clay 
seems  to  develop  only  in  particles  below  10  micron  site*  (8) 

a.  The  effectiveness  of  various  materials  listed  below  as  possi¬ 
ble  ingredients  was  determined  by: 

(1)  Comprehensive  literature  survey  conducted  tb  evaluate 
the  ohyslcal  and  chemical  properties  of  the  various 
substances* 

(?)  Preliminary  laboratory  ^▼^eriments  to  aid  in  the  selection 
of  the  components* 

b*  Laboratory  Investigations  were  conducted  to  evaluate: 

(1)  Degree  of  cohesion  and  friction  and  stress-strain  re¬ 
lationships  aa  defined  by  the  soil  parameters  c, 

kc,  k£f  and  n,  (9). 

(2)  Effect  on  the  parameters  by  varying  the  percentages  of 
the  soil  mass  constituents* 

The  following  are  the  materials  tested  as  possible  Ingredients 
for  artsoll: 
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Solid  Constituents 

Liquid  Constituent# 

Asbestos 

Ethylene  Glycol 

Calclte 

Glycerin 

Charcoal 

Mineral  Oil 

Feldspar 

Paraffin 

Fuller’s  Earth 

Class,  Powdered 

Graphite 

Iron  Oxide  (Red  k  Black) 

Iron,  Filings 

Infusorial  Earth 

Petrolatuit 

Kaolin 

Mica 

Magneslua  Oxide 

Quarts 

Rotlsnstons 

Silicon  Carbide 

Soapstone  Tale 

Tripoli 

Tin  Oxide 

Zinc  Oxide 

At  the  present  itagc,  tin  thm  lBgridinti  decided  upon  to  bo  mod  for 
tho  ortooll  were  Tolclay,  sand,  and  antifreeae  •  Vole lay,  o  bontonlto  cloy, 
lo  readily  oTolloblo  in  tho  cloy  group*  It  reprommt*  tho  cohesive  lngre- 
dlont  of  soils.  Send,  ohlch  exhibits  frictionol  choroc tori otic s,  ropro- 
sonto  tho  frictionol  component.  Antifreeae  woo  chooon  oo  tho  liquid  con- 
otltoont  bocoooo  of  lto  low  volatility,  lto  Inertness  when  mixed  with  oond 
or  clay  and  lto  ooso  of  availability*  The  gonorol  characteristics  of  theoo 
Materials  are  shown  In  Appendix  I* 

o '  • 

Tho  nixing  of  tho  Ingredients  was  dons  in  a  Hobart  9601  Mixer,  shown 
In  tho  center  of  tho  "Soil  Processing  Boon"  photograph  (Pig*  8  ).  Tho 
nixing  procedure  was  as  follows! 

1*  Weigh  end  put  volclay  into  nlxer* 

2.  Start  nlxer. 

3*  Weigh  and  add  antif roots  gradually* 

li*  After  all  of  the  antifreeae  has  boon  added,  continue  nixing  for 
1/?  hour. 

Tho  seme  nixing  orocedure  was  followed  for  all  batches  to  keep  then 
consistent  and  tho  nlxturs  was  transferred  to  a  1 »•  x  U*  x  2"  box  and  tanpod 
to  got  an  aeon  consistency  throughout  tho  batch*  Shear  and  slnkago  tests 
wore  node  on  tho  sables  In  tho  box* 


The  teat  procedure  was  as  follows 

1*  Slnkage: 

a#  Three  different  slsed  footings# 

b.  Three  runs  per  each  footing# 

c.  Taep  the  staple  after  each  slnkage  reading# 

?.  Shear* 

a#  Place  5"  x  5"  shear  plate  in  saapl*  taking  sore  of  coaplete 
contact  of  plate  and  grousers  with  the  artaoll# 

b#  Load  plate  with  three  to  flee  earring  loada  and  record  force 
neceaearjr  to  aoee  the  shear  plate  for  each  load#  Moeeacnt  of 
the  plate  indicates  point  of  rapture  or  ahaar  of  the  aaaple# 

The  Beeaaater  need  fbr  the  slnkage  teat  la  diem  la  the  photograph 
entitled  "Load  Slnkage  -  Shear  Test  Device*,  Fig#  9  •  The  4»ar  plate  was 
attached  to  a  spring  scale  to  record  the  farce#  The  linkage  and  shear  teat 
on  the  sand  and  antlfreese  Mixture  was  node  with  the  combination  hydraulic 
einkage-diear  teat  apparatus,  shown  In  ths  "Load  Slnkage  -  Shear  That 
Device"  photograph.  Fig#  10# 

To  avoid  a  repetition  of  the  theoretical  raaaonlng  behind  the  soil 
value  paraaa  ter  a,  the  reader  la  referred  to  the  investigations  by  Mr#  M#  Q# 
Bekker.  (11)  The  equation  used  in  relation  with  the  slnkage  testa  to 
determine  soil  values  las 


where 

~p  z  Pressure  (Loaded  track  or  wheel) 

kc  s  Cohesive  Modulus  of  Def creation 

b  -  Breadth  of  the  Footing 

k*  *  Frictional  Modulus  of  Defornatlon 

2  s  Slnkage 

n  z  Exponent  of  Slnkage 

The  eeuatlon  used  to  detendne  soil  values  with  data  fron  the  diear 
teats  1st 

'i 

H  *  c  A  ♦  W  ion  f  (?) 


anr»orae*DMi 


T 


where 


H  *  Foret 
C  x  Cohesion 
^  s  Ground  Contact  Area 
V  X  Weight 

<P  *  Angle  of  Internal  Friction 

If  equation  (?)  ia  divided  through  b y  the  area  A,  we  have  the  ecfuation  as 
used  in  the  plbt  of  Fig*  1* 


Jt  s  c  ♦  W  fan  d  .  JL  s  Shearing  Strength  (Sg)  and 
A  If  '  A 


W/A  •  Ground  Pressure  or  no  real  stress*  The  olot  used  to  determine 
kj,  kg,  and  n  is  shown  on  Fig*  2* 


RESULTS 

A  tabulation  of  the  soil  values  fbr  three  types  of  artsoils  is  given 
below  i 


Art soil 

e 

_ f_  fcc 

JSL 

n 

C -32-35 

2.05 

0°  22.0 

17*0 

0.16 

-bo 

l.lll 

0°  18.0 

12:1 

0.20 

-hi 

0.6b 

0°  3.6 

2.5 

0.25 

-U3 

0.25 

0°  0.2 

0.9 

o.bo 

-50 

0.17 

0°  0.1 

0.3 

0.67 

CS-33-22 

1.06 

38°  17.0 

9.5 

0.15 

-23 

0.95 

38°  11.6 

8.3 

0.17 

-?h 

0.76 

38°  8.9 

6.2 

0.18 

-25 

0.38 

38°  b.O 

1.8 

0.20 

-26 

0.1b 

38°  3.b 

O.h 

0.21 

S-3h-7.5 

v  0.17 

22.5°  9.1 

20.h 

0.b2 

-10 

0.30  ' 

lb.5°  10.8 

18.  b 

0.b6 

-12.5 

0.35 

o.5°  17.0 

11.6 

0.52 

-15 

O.bb 

8.0°  26.5 

6*8 

0.71 

An  attesot  was  node  to  cover  the  entire  range  of  soil  conditions  with 
these  mixtures*  The  C-3?  series  (vole lay  and  antifreeae)  attempts  to  cover 
the  cohesive  portion  of  the  scale,  and  the  $-3b  series  (sand  and  antifreeae) 
the  frictional  portion  of  the  scale*  The  CS-*3  series  (50-50  sand-vole  lay 
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and  antlfreese)  is  midway  between  the  cohesive  and  frictional  mixtures. 

The  nuabera  following  the  series  designation  denote  the  weight  percent 
antlfreese  added*  The  graphs  in  Fig.  !i-7  shows  .the  changes  In  soil  ▼slues 
as  the  liquid  content  changes. 

The  test  results  indicate  that  a  wide  range  of  soil  Talus  parameters 
can  be  obtained.  It  is  hi£ily  conceivable  that  by  changing  the  consistency 
of  the  Mixture  and  by  changing  the  proportion  of  ingredients  in  ths  Mix* 
tures,  the  entire  range  of  natural  soils  could  be  simulated  in  the 
laboratory. 

There  seens  to  be  no  ^preclable  chemical  reaction  between  ths  in¬ 
gredients  which  would  alter  the  characteristics  of  the  mixture,  l.e.9  the 
clay  mixture  retains  its  cohesive  properties  and  the  sand  mixture  retains 
its  frictional  properties. 

The  ingredients  mix  well  and  retain  their  consistency  throughout, 
except  in  the  very  high  liquid  content  mixtures.  The  higu  liquid  content 
mixtures  appear  to  be  a  case  of  over -saturation  where  the  excess  liquid 
rises  to  ths  top.  Ths  separation  of  the  excess  liquid  occurs  only  after 
prolonged  standing,  so  a  re -mixing  arrangement  will  have  to  be  made  if  this 
soft  mixture  is  to  be  used  over  s  long  period  of  time. 

Stability  characteristics  of  ths  mixtures  and  ths  reproducibility  of 
moll  values  from  these  mixtures  have  not  been  investigated  at  this  time. 


CONCLUSION 

1.  The  controllability  of  the  art  soil  is  superior  to  that  of  natural 
soil  over  any  length  of  time. 

?.  The  artsoll  has  a  wide  rungs  of  soil  values. 

3.  There  are  many  different  types  of  soils  that  can  be  simulated  by 
the  clay,  sand,  and  antifreese  combination.  This  should  cover  the  entire 
range  from  purely  frictional  to  purely  cohesive  soils.  Ths  materials  are 
readily  available  and  no  special  equipment  is  necessary  for  preparation  of 
the  soils. 

b.  To  fully  explore  the  potential  of  tha  proposed  artsoll  in  labo¬ 
ratory  use,  it  is  necessary  to  explore  ths  characteristics  of  world  soils 
and  sse  whether  they  may  be  simulated  by  ths  discussed  mixtures. 
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1*  The  stability  and  reproducibility  of  soil  values  for  tbs  artsoll 
should  be  investigated  over  a  lone  period  of  tlat*  i.e*,  three  ueek 
intervals  for  a  year. 

o.  *n  investigation  rtiould  be  eads  to  find  the  characteristics  of 
soils  to  be  reproduced* 

3*  A  aethod  for  preventing  solid-liquid  separation  in  saturated  art- 
soil  should  be  explored* 
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1.  Antlfreeie 

The  antifree *e  is  the  at  tie -type  Ethylene  Glycol  used  in  the  cooling 
systems  of  interael  conbuetlon  engines.  MIL-C-117S$  (Ord)*  0-E-771A . 

,2.  Shad 

Mined  end  shipped  by  the  Ottawa  Silica  Co.,  Ottawa,  Illinois*  It  la 
■arketed  as  Crystal  Silica  Sand. 

3#  Vole  lay 

Vole  lay,  as  sold  by  the  Awsrican  Colloid  Co.,  Chicago,  Illinois,  is 
Mississippi  Bentonite.  Other  types  of  bentonite  clays  are  wined  in 
the  Black  Hills  Region  of  the  United  States,  and  prepared  in  powdered 
and  granulated  forns  for  coeawrcial  use. 


Mtnereiogieal  Composition 

The  properties  of  sole  lay  art  those  of  wontworlllonlte ,  e  clay  wi^ral 
of  unique  characteristics,  uhlch  constitutes  90*  of  sole  lay  sabetance. 
Montnorillonite  has  the  anproxinate  chealcal  formula  i 

4  S»  •  n  HxO 

The  other  10*  consists  of  ninute  fregwants  of  other  ninerals,  the  wont 
abundant  being  feldspar.  There  ere  flail  fractions  of  gypeun,  calc  low  car* 
bonate  and  quarts,  and  traces  of  pertlelly  altered  volcanlo  glass,  biotlte  ' 
nice,  negnetlte,  llwonite ,  hens  tits,  leucoxana,  apatite  and  sircon. 


AVERAHE  CHEMICAL  ANALYSIS 

Moisture 

Free 

Mechanically-held  water 

0.00* 

Slliee  (SIO2) 

6b.  3? 

Aluuina  (Al^O)) 

20.7b 

Barrie  Oxide  (FhyOy) 

3.03 

Vbrroas  Oxide  (FbO) 

•b6 

Titanlfl  Oxide  (TtO?) 

.  J. 

Phosphoric  Acid  (PyO$) 

•01 

Lias  (CsO) 

.52 

Magnesia  (MgO) 

2.30 

Soda  (HsjO) 

2.5? 

1 1 


Hoi start 


AVERAGE  CHEMICAL  ANALYSIS  (Cont') 

F*ee 

Potash  (KjO) 

.39 

Sttlfor  (SO3) 

.35 

Chaaietlly-hald  HjO 

5.15 

Particle  S1m 

When  dispersed  in  water,  volclay  asperates  into  extremely  fine  parti¬ 
cles,  as  follows; 


96  to  91%  finer  than  lilt 
93  to  9h%  finer  than  $ 
87  to  09$  flnar  than  0*5 
60  to  6$$  flnar  than  0.1 


microns  (32$  mash) 

microns 

microns 

microns 


Ons  micron  Is  about  l/?$,000  Inch*  0ns  cubic  inch  of  dry  role  lay, 
whan  disintegrated  In  water ,  la  astlmstad  to  yield  9500  billion  In¬ 
dividual  flakes,  and  the  total  surface  area  of  these  parti*!**  1*  about 
one  acre  in  extent* 


Oeneral 

Specific  gravity  —  2*75*  Actual  weight  relative  to  volume  depends 
on  the  degree  of  pulverisation  and  the  packing  and  settling* 

Index  of  refraction  —  1*$$. 

Hardness  1  to  1*$  (Mohr)*  Slightly  harder  than  talc* 

pH  of  water  suspensions  about  9*?* 

Bass  Exchange 

n  \ 

Vole  lay  has  base  exchange  properties)  in  water  eolation  it  glvec  «p 
•odium  and  potassiun  ions  and  takes  in  calcium  and  aagnssiun  ions,  thus 
softening  the  water  slightly*  It  also  enters  strongly  into  bass  ex¬ 
change  with  organic  bases,  extracting  thorn  from  solutions  of  their  salts* 

The  exchangeable  aetelllc  bases  of  average  volelgy,  determined 
quantitatively  by  leaching  with  ammonium  acetate,  are; 
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Sodlua  85*5  n/3  per  100  gas* 

Potassium  5*0 

Calciun  22.0 

Hagnesiu*  1*0 

Sua  —  corrected  89*? 

for  Sulphates 

Basiling 

The  rats  of  spelling  depends  on  the  grade  and  on  hour  handled;  all 
grades  expand  very  slowly  when  water  ie  nouns d  on  then,  auch  faster  when 
they  are  poured  into  water*  Finely  powdered  and  coarsely  granulated 
grades  soak  up  vatsr  slowly;  specially  sited  KWK  role  lay  auch  sore 
rapidly. 

- 

Volclay  absorbs  nearly  5  tines  its  weigit  of  water  and  at  lull  satu¬ 
ration  it  occupies  a  volune  12  to  15  tines  its  dry  bulk*  On  drying  it 
shrinks  to  its  original  volume  The  swelling  is  reversible  —  it  can  be 
wetted  (swelled)  and  dried  (shrunk)  an  infinite  nunber  of  tines,  il  'the 
water  used  is  fairly  pure* 

It  absorbs  and  swells  faster  in  hot  water  than  cold*  Does  not  swell 
In  alcohol,  gasoline  and  sinilar  liquids;  swells  only  slightly  in  solu¬ 
tions  of  strong  chenicsls,  ss  acids,  alkalies  or  sslts. 

Water  Suspensions 

When  nixed  with  7  to  10  parts  vatsr,  it  Makes  gelatinous  pastes*  With 
15  to  20  parts  water,  it  fores  Milky,  flowable  sols. 

Figures  are  given  shoving  the  consistency  (viscosity)  of  two  volclay 
sols  coMpered  with  clear  water  i 


Determinations  By  Stronsr  Viscosimeter 

At  600  RPM 


Orsns 

Centipolsss 

Clear  Water 

35 

0 

5$  volclay 

(1  volclay  to  19  water) 

70-75 

6J  -  7 

7f%  volclay 

(1  volclay  to  131/3  water) 

300-350 

55-60 

The  sols  were  tasted  lid  lately  after  stirring;  they  would  show 
higher  raidings  after  a  few  hours* 


In  thinner  dilutions  —  as  1  volclay  to  99  distilled  eater  —  eost  of 
the  volclay  will  remain  suspended  indefinitely.  Even  in  dilutions  as  low 
as  X  to  a  considerable  part  will  not  settle.  Distilled  eater  east 

be  used  with  lae  volclay  concentrations  as  the  electrolytes  in  tap  eater 
ml^ht  cause  partial  flocculation. 

Dilute  suspensions  shoe  Brownian  movement  —  the  particles  are  in 
motion,  colliding  and  repulsing  each  bther.  Heavier  slurries  exhibit 
thixotropy,  a  kind  of  gelation  that  occurs  then  they  stand  quiescent,  but 
which  reverts  to  fluidity  on  being  shaken  or  stirred. 


Effect  of  Electrolytes 

Particles  of  vole lay  in  eater  carry  strong  negative  charges,  causing 
them  to  attract  and  cling  to  positively  charged  particles  of  matter.  When 
neutralised  by  oppositely  charged  substances,  they  floe  together,  forming 
spongelike  aggregates,  and  if  this  occurs  in  dilute  dispersions,  the  floes 
trill  settle.  In  thicker  mixtures,  however,  as  those  containing  6%  or  more 
of  volclay,  the  effect  of  added  electrolytes  is  to  Increase  the  viscosity. 

Suspensions  of  volclay  are  ordinarily  difficult  to  filter,  forming  im¬ 
penetrable  cakes  tdiich  seal  off  water.  One  of  the  effects  of  neutralising 
or  flocculating  the  particles  Is  to  make  such  suspensions  more  readily 
filterable • 

/,  L 

It  follows  that  all  dispersions  of  volclay  are  profoundly  affected  by 
electrolytes.  The  higher  the  valence  of  the  latter  the  stronger  the  ef¬ 
fect;  mono-valent  cations  are  mildly  active  In  causing  flocculation,  di¬ 
valent  ones  more  so  and  trl -valent  ones  much  mare  so. 

The  order  of  adding  electrolytes  la  important.  If  an  electrolyte  is 
added  to  a  thick  slurry  In  tdiich  ths  volclay  has  first  been  fully  hydrated 
and  swelled,  the  consistency  of  ths  slurry  will  be  Increased;  but  If  the 
water  Is  first  treated  with  an  electrolyte  and  the  volclay  put  In  later,  the 
dispersion  will  be  thinner  than  a  mixture  of  volclay  and  clear  water. 

Temperature  of  atW  and  time  of  standing  also  are  factors.  Soma 
electrolytos  will  stiffen  the  slur  ides  temporarily,  followed  by  thinning 
after  standing  days  or  weeks;  others  reverse  this  action. 


Sorption 

Hontmori llonite  molecules,  of  the  particular  kind  that  constitute 
volclay,  have  the  outstanding  peculiarity  of  expending  accordion-like  in 
'water.  This  enlarges  the  space  between  ths  sheets  u  atoms  which  form  the 
molecular  structure  and  remits  the  free  ingress  and  egress  of  Ions  of 
various  kinds. 


iMer  *  Of  ac  *  mete 
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The  mobility  of  the  flakes  when  In  suspension  brings  then  in  close 
contact  with  other  dissolved  md  suspended  substances*  Particles  of  natter 
are  not  only  absorbed  onto  the  surface  of  the  bentonite  molecule,  but 
probably  also  absorbed  within  its  lattice-litas  structure*  The  avid 
sorption  of  volclay  for  other  substances  —  both  organic  and  inorganic  — 
ii  therefore  due  to  one  or  note  of  these  factors:  great  surface  area; 
spongy  structure;  nobility;  base-exchange;  strong  negative  polarity* 


Bond  Strength 

The  maximum  adherent  powers  of  volclay  in  Bolstered  mesas  with  other 
minerals  is  exerted  when  the  volclay  hat  about  50%  available  moisture* 


Effect  of  Temperature 

The  properties  of  volclay  are  unaltered  at  temperatures  below  iiOOPP* 
(*05°C.).  The  chemically  held  water  is  progressively  driven  off  when  ex¬ 
posed  to  higher  heats  for  any  length  of  time  and  la  completely  gone  at 
170&T.  (6$0°C.). 

However,  if  heated  to  1000°F.  (5JB°C.)  and  quickly  cooled,  its  pro-  , 
pertlee  are  unchanged* 

Its  swelling  properties  dscrsass  progressively  in  the  asms  ratio  as 
the  loes  of  chemically  held  water* 

Softening  begin*  about  19CGP?*  (10tj0°C.)  and  complete  fusion  occurs 
at  2lihO°P.  (13fcO?C.). 

Tolclay  Imparts  to  masses  of  other  minerals  bonded  with  it  an  extra¬ 
ordinary  "hot  strength",  l*e«,  resistance  to  load  pressure  while  hot*  In 
the  rungs  of  temperatures  just  below  the  softening  point,  its  "hot 
strength  far  exceeds  that  of  other  clays* 


Mechanically  Held  Moisture 

▼ole lay  as  shipped  contains  about  7  to  9%  moisture*  When  exposed  to 
the  atmosphere,  it  will  slowly  gain  or  lose  according  to  the  haaddity* 

within  tho  range  between  6%  in  very  dry  air  to  10$  in  moist  air* 

Te  oven-dry  it  to  constant  moisture  requires  1*  hours  at  220  to  230°F« 
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( 1 )  Miscellaneous  Information 


Base 

Formula 

Chem.  Character 

M.P.ln  °C 

Fire  Clay 

-  -  -  - 

'Neutral 

Up  to  1750°  C 

Silica 

Sio? 

Acidic 

1710 

Chronite 

Fe0.Cr?03 

Neutral 

About  ?000 

Magnesia 

MgO 

Basic 

?o00 

Hullite 

3AI5O3.  ?sio2 

Neutral 

18X0 

Carborundum 

SiC 

Neutral 

Dissoc.  2200 

Alumina 

*1^3 

Neutral 

2020 

Zirc  ,nla 

Zr  02 

Neutral 

2700 

(?)  Soee  Natural  Clay  Characteristics 


1*  Plasticity  of  clay  increases  with  addition  of  weak  organic  acids. 

?•  A  snail  aeouni  of  alkaline  solution  converts  sticky  clay  to  a  liquid 
thin  enough  to  run  throu^i  a  filter  cloth. 

3*  A  snail  amount  of  acid  solution  will  coagulate  clay. 

b.  Salts  nay  either  coagulate  a  clay  or  Increase  the  dispersion  of  the 


particles. 

-  3  - 

Soil 

%  W»t*r 

0.1.  HjO/Cu.  Pt. 

Free  flowing  sand 

0 

0 

Damp  sand 

2 

l/b 

* at  Send 

b 

1/2 

Vary  Wet  Suid 

6 

3/1* 

Very  Wet  Sand 

8 

1 

Very  Wet  Sand 

10 

l-l/li 

jumr  *  OTAC  *  *ww 
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Material 

Sp.  Or. 

Densities  in  Lbs/Cu.  Ft 

Water 

1.0 

62.1*28 

Clay,  dry 

1.0 

63. 

Clay,  damp  plastic 

1.76 

110  -  135 

Clay  4  grarel  dry 

1.6 

100 

Earth  dry  loose 

1.7 

76 

Earth  dry  packed 

1.5 

95 

Earth  moist  loess 

1.3 

78 

Earth  moist  packed 

1.6 

96 

Earth  aud,  flowing 

1.7 

108  -  120 

Earth  Mid,  packed 

1.8 

100  -  115 

Sind,  grarel,  dry,  loose 

lJi  -  1.7 

90  -  105  (100) 

Sand,  grarel,  dry,  packed 

1.6  -  1.9 

100  -  1?0 

Sknd,  grarel,  wet 

1.89  -  2.16 

126  -  130 

Sand  or  grarel  in  water 

0.96 

60 

Sand  or  grarel  k  clay  in  water  1,00 

65 

Clay  in  water 

1.20 

80 

Rirer  mud 

l.Wi 

90 

Soil,  Wet 

1.1* 

70 

Shale 

160 

Qraeel 

no 

Chalk 

170 

Diatomite  powder 

10.6 

Kaolinite 

2.6  -  2.63 

-  5  . 

Modified  NoH 

Hardness  Scale 

Grig.  MoH 

15 

Diamond 

10 

Ih 

Boron  Carbide 

9.32 

13 

Silicon  Carbide 

1? 

Fused  alumina 

9.03 

Corundum 

9 

11 

Fused  sirconia  - 

10 

Garnet 

9 

Topat 

8 

8 

Quarts  or  stellite 

8 

7 

Vitreous  silica 

6 

Orthoclase 

6 

5 

Apatite 

5 

li 

Fluorite 

U 

3 

Calcite 

3 

2 

Oypmum 

2 

1 

Talc 

1 

1-9.5 

Kaolinite,  pure 

Amr  *  OTAC  *  DwtM 


(6)  Labeling  Penetroaeter 


liOa*  a  1.6"  penetration  ^ 
accuracy  =  0.75$  full  scale 
needle  bar  k  needle  weigh  50  gas. 
extra  50  &  100  ga.  vts.  available. 

Operation  as  grease  oenetroaeter  described  in 
A  STM  D5-h7T,  D?17-b8,  D93?-h7T  and  AASHO  Tl*9-5? 


(7)  Brookfield  Vlscoastar  Model  RVF 

Full  scale  torque  is  7.167  dyna-centlaaters 

Vax.  cp.  =  7, 000,000  a'i  ?  RPM  with  Spindle  #7. 

Min.  cp.  •  500  at  20  RPM  with  Spindle  #1. 

Always  state  a  Materials  teaperature  along  with  its  Viscosity. 
Viscosity  is  the  Measure  of  fluid  friction. 

Water  at  roan  teaperature  (68.ii°F*y  has  a  viscosity  of  one  centipoise. 


fluid 

At  Teap  °F. 

Viscosity  (centlpol 

Water 

68.li°r 

1 

Glycerine  (100JC) 

60°F 

HiOO 

Lub.  oil  SAE  10 

60°F 

100 

SAE  30 

60°F 

UK) 

Viscosities  Saybolt  Univ., 

Seconds 

SVE 

AT  130°F. 

AT  210°F. 

Vise.  No. 

Min.  Hex. 

Min. 

Max. 

10 

90  IX) 

20 

1?0  185 

30 

185  ?55 

hO 

?55 

80 

50 

80 

105 

60 

105 

175 

70 

1?5 

150 

80  100,000  9  0°F  aax. 

90  800-1500  •  100°  F. 

XhO  120-200  9  210°F. 

?50  POO  9  210°F.  aln. 

Light  Mineral  oilj  sp.  gr.  s  0.83-0.86  Are  0.8li5 
Heavy  Mineral  oil}  sp.  gr.  =  0.875-0.905  A ve  0.89 


a*»t  -  OTAC  *  D*tr*l 
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Fifur*  No.  1 

Influonct  of  Partial*  Slot  Upon  Flow  Characteristics 


A»f*OTAC 


Figura  Ho*  2 


0.1 


0*2 


0.3 


0.4 


Normal  St rasa ,  pal 


An*  *  or  AC  » o»t  v«M 


Sinkage,  Inches 

O  b  .  2  In.,  a  •  14.7 
A  b  s  1.5  in.,  a  =  16.5 
O  b  "  1  in., 


a  *  20.7 


I 

I 

r 

c 

4 

f 

It 


j 

I 

I 


i 

Jf 

I 


* 


‘uanmiojtQ  jo  cnxnpoii  oaxoomoo 


Am 


23 


i 


Antifreemo  Content,  Weight  JC 
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3oil  Processing  Hoc* 


Fig.  No.  9 

Bevameter  Model  III,  Shear  Test  Device 


Load  Linkage  -  Shear  Test  Device 


